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REMARKS 

Applicant has amended claim 2 to emphasize distinguishable features of the 
claimed cyclic carbonate-containing polymeric compound and method for producing the 
same. The claim language is supported by the as-filed specification, e.g., page 8, lines 
22-23. No new matter has been introduced. 

Applicant respectfully traverses the 35 U.S.C. §§ 102(a) or 103(a) rejection of 
claims 1 , 2, and 6-8 over Saito et al., Preparation of Cyclic Carbonated Natural Rubber 
via Supercritical Carbon Dioxide Fixation, abstract, the 6th Discussion Meeting on 
Elastomers, the Journal of Society of Rubber Industry, Japan, December 2, 2004 
("Saito"). Saito does not qualify as prior art against the claims. The relevant prior art 
date listed on the face of Saito is December 2, 2004, which is subsequent to Applicant's 
March 1 , 2004 priority date under 35 U.S.C. § 1 1 9. Under 37 CFR § 1 .55(a)(4)(i)(B), 
Applicant submits with this Reply to Office Action an accurate English translation of 
Applicant' s foreign priority document, JP 2004-056275, to perfect Applicant's priority 
date, along with a statement that the translation is accurate, thereby removing Saito as 
a prior art reference, under 35 U.S.C. § 102(a) and 35 U.S.C § 103(a). 

Applicant respectfully traverses the 35 U.S.C. §§ 102(b) and 103(a) rejection of 
claim 1 over SU 422262 ("SU '262"). Applicant also respectfully traverses the § 103(a) 
rejection of claims 1-8 over SU '262 in view of JP 2002-053573 ("JP '573"), and the 
§ 103(a) rejection of claims 1-8 over SU '262 in view of Kawanami et al., Research of 
carbonate synthesis using supercritical carbon dioxide and ionic liquid, Abstracts of 
Presentation, the 35th Fall Meeting of Society of Chemical Engineers, Japan, 
September 18-20, 2002, Vol. 35, p. 391 ("Kawanami"). 
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Catalytic Activity of Various Salts in the Reaction of 
2,3-Eposyptopyl Phenyl Ether and Carbon Dioxide under 
Atmospheric Pressure 
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Reaction of 2,3-epoxypropyl phenyl ether (1) with carbon dioxide was earned out under atmospheric 
pressure i is i\r-rneftylp^oli<iinone (NMP) at 100 «C in the presence of 5 mol % of various Baits to 

2SK?i f ^^ Only 
helide fialts showed high catalytic activity, and the order of intrinsic activity was found to be u 
follow* chloride bromide > iodide vMch is the order of nucleophflicxly of the anion. Furthermore, 
the order of the activity was found to be lithium salt > sodium aalt > beaa^ltriinethylaznnionium 
salt, which ie in accord mth the order of Lewis acidity of the cation. Kinetic analyses show that the 
reaction rate can he represented by -d[13/dt~ktl][cat.], where the carbon dioxide pressure shows 
no effect on the reaction rate. The reaction proceed* via nucleophilic attack of halidc to oxJrane to 
fonn^haloalboxJdeiwhachreactsvriai C0 2 followed by cyclfeation. The presence of key intermediate 
4 was indirectly proved by the reaction of 1 with 1 equiv of LiBr in the absence of CO* at X00 °0 
for 2.5 h to NMP which leads to l-phenosy-2.propanone (6) in 20 % yield an the rearrangement 
product of i, 



Recently, the chemistry of carbon dioxide has received 
much attention, 1 and its reaction with oadranea leading to 
Sve^meinbered cyclic carbonates (oxirane-COa reaction, 
Scheme I) is well-known among many examples** These 
carbonates can be used as aprotac polar solvents 3 and 
Bourcea for polymer eynthesiB* 4 ^ 10 

Many organic and inorganic compounds including 
amines," phoephinee, 11 quaternary ammonium aalte, 2 ^ 1 
alkali metal salts,** 1 ** 13 halostannanee, 1 ** 1 * antimony com- 
pounds. 16 and porphyrin 1 '** 8 and transition-metal com- 
plexes*- 41 are known to catalyze the oxirane~C0 2 reaction. 
Alkali metal salts have been used not only alone but also 
in combination with crown ether 1 * or inorganic supports 82 
because they have been thought to be less active in 
comparison with lipophilic catalysts. 12 Although many 

♦ Ak&txaCt pubmhao' ia Adoancs ACS Abstracts, October 1, 189S. 
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Scheme X 

Wdntne-COa reaction 



catalyBta h&ve been reported, the structure-activity pe- 
lationEbip of the catalyst based on a reaction mechanism 
have not been fully understood. 12 ^*' 2 * 

In the orirane-COa reaction^ high pressure of COa has 
been thought to be necessary* 2 * 12 The oxirane-COa re- 
actions under atmospheric pressure have been reported 
only recently. Reaction of vinyloxirane with COa under 
atmospheric preBBure in the presence of e palladium 
complex was reported by Pujmnmi et al^> and TaJceda et 
aL reported a porphyrin complex- catalyzed oxirane— COs 
reaction under atmospheric pressure, 17 where the polym* 
erization of oxirane occurs simultaneously. Brindopke 11 
reported in a patent a quantitative oxirane-COa reaction 
\mder atmospheric press tire in the presence of anunonium 
salts, amines, or phosphineB. He also reported, however, 
that alkali metal Baits can be used as, cocatalyats although 
they were not recommended as main catalysts. On the 
basis of the report! Roldcld et aL u demonstrated the 
reaction of an oxirane having an ammonium Bubstituent 
with pO* under atmospheric pressure* Very recently, 
Niehikubo et aL reported that polymezveupported am- 
_monium.Ba]texatalyzed_the-oxir^^ 
atmospheric presexnfe.^ 

Recently, we have described the reaction of CO a and 
pcly(glyciayl methacrylate) ae polymeric oxirane i& NJf- 
dimethylformamlde (DMF) under ataoephericpressuxe* 26 

(22) Acdreowi, R,-, Axmetini, Mi C.j CHirotU, M4 PoduttL P. Chtnu 
Ind. (Milan) 67, 481. 

(28) ArnMtnl, M, C; Puwiwoni, 8^ Giona, A, Poobrtti, P. Chim. 
Ind, (Milan) 19**, 66, 14ft. 

(£4) RoUcld. G.J CsaJIcowiVa, J. Pcllmtry (Wcrtow) 1989* $4. 140. 

(55) NJahflrubo, XaiDcy6oa» A; Vnmcftite, LiTomoi, M.jPukuda* 
W. J. Polym. Sci H Al Polynu Chtm. 19BS, W, 9^. 
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Figure 1. Yield of 2 w reaction time for the reaction of 1 with 
carbon dioxide under atmospheric pleasure at 100 6 C using NaBr 
(Q), Nal Co), NaCl (0), and NaOAc U) as catalyst*. 

Scheme II 
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cat - MaC1< NaBr, Nal, NaOCoCH,, NaCN, NaOTs 

NaCJOt, Lid, UBr 4 Ul, UOPh, LJSFh, FhCH £ N*M§j CT 
PhCHaN^s Br". FhCHaN*Mi a r 

Although alkali metal salts tad been thought to he net so 
active catalysts, we found for sodium iodide a higher 
activity than for triphenylphosphinc or benzyltrimethyl- 
ammonium iodide. We assumed that in homogeneous 
Bystems, such as in DMF solution, the intrinsic activity of 
alkallmeteJ salts maybe higher compared withphoephinee 
or ammonium salte.^ 'Thus, we undertook detailed studies 
on the catalytic activity of various Belts on the oxirane- 
OO2 reaction using 2,S-epoxypropyl phenyl ether as model 
oxirane in an aprotic dipolar solvent under atmospheric 
pressure. 

In this paper, we wish to report cur findings: (1) only 
halides show high catalytic activity under atmospheric 
pressure, (2) alkali metal halides are more effective 
catalysts than onium salts, (3) the pressure of OO2 does 
not Effect "the reaction rate, and (4) establishment of 
reaction mechanism. 

Results 

2,3-Epoxypropyl phenyl ether (1) was used as oxirane* 
and the reaction was carried out in NMP at 100 °C under 
X atm of CO2 ia the presence of 5 mol % of the salts. The 
con versi on of 1 and the yield of a five-membered cyclic 
wbciifit*,4-(phenox3^ (2), were 

monitored by HPLC. (Scheme H>« 

First of all, the reaction of 1 and COz was carried out 
using sodium salts, including iodide, bromide, acetate, 
cyanide, p-toluenesulfonate, and perforate, as catalysts. 
In theee cases, the yield of 2 corresponded to the conversion 
of 1 , and no byproduct could bed elected by HPLC analysis* 
Typical time-yield curves are shown in Figure 1. To 
describe the activity of the catalyst, «q 1 was assumed: 
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Figured ln([l]/[l]o) vs reaction time for the reaction of 1 with 
carbon dioxide unde* atmospheric preBBure at 100 °Cus!ngNaBr 
(D), Nal <$), NaCl <o), arid NaOAc (L) as catalysts, 

liable L , Apparent JfUte Constant (r> and Yield of 2 cf the 
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where [1] is the concentration of 1, t ia reaction time, and 
A' is the apparent rate constant of the reaction. Integration 
of eg 1 gave eq 2; 



(2) 



where [X]o is initial concentration of 1, hi([l]/[l]c) was 
plotted a function of t in Figure 2, Since a linear 
relationship was observed in every case, the cxirane-CO* 
reaction eeema to be first order with respect to the 
concentration of cxirane as expressed in eq l f and h* can 
be a parameter of activity of a catalyst, k* values were 
estimated from the slope of the lines in Figure 2 and are 
summarized in Table L Sodium halide (bromide and 
iodide) exhibited higher activity, while other sodium salts 
were found to Bhow only & very lowactivity. Thus, sodium 
chloride was also examined as catalyst in spite of its 
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to&olubility in 2£MI\ Indeed, a simple first order kinetic 
was observed, and it showed a medium activity depicted 
in Table I 

Since crown ethers are known to enhance the solubility 
of alkali metal salts in organic solvents, 7,5 mol % (1.6 
equiv to Nad) of benzo-15-«own*6 (3), which exhibits a 
high affinity to sodium ion,*? was added to the system 
with sodium chloride. However, sodium chloride did not 
dissolve completely in NMP W-methylpyxrolidinone) k 
the presence of 8, and # decreased. Furthermore, 8 was 
added to the system with sodium bromide although h' 
also decreased. Tbus.itcanbe concluded that crown ether 
acted as deactivator of the catalyst 




3 

To evaluate the role of the cation part of the catalyete, 
a series of lithium compounds including iodide, bromide, 
chloride, phenolate, and thiophenolate was examined In 
each case, the yield of 2 corresponded to the conversion 
of l^andnobyproductcouldbe detected by HFLC analysis. 
A linear relationship between ln([I]/[l] 0 ) and t was 
observed, and the values of k? are summarized In Table 
L Lithium salts showed higher activity in comparison 
with the corresponding sodium catalysts. Only halides 
showed a considerable catalytic activity, and bromide was 
more active than iodide, as in the case of the e odium salts. 
Unfortunately, lithium chloride precipitated during the 
reaction, Although simple first-order kinetics were ob- 
served/or lithium chloride and the apparent activity was 
lower than that of bromide and iodide, its interactivity 
could not yet be exactly determined 

Since quaternary ammonium salts dissolve in KMP, a 
series of benayltrimethylammonium halides, including 
fluoridOj cMoridsj bromide, and iodide, was used as catalyst 
to demonstrate the intrinsic order of the halide activity. 
In every case, the reaction system remained homogeneous 
during the reaction. The yield of 2 corresponded to the 
conversion of 1, and no byproduct could be detected by 
HPLCanelyais. A linear relationship between ln(Ill/ [l)o) 
and t was observed, and the values of ft' were calculated 
and are summarized in Table L The catalytic activity of 
ammonium salts is rather low compared with the corre* 
spending slkaJi metal salts. 2 It can be clearly shown that 
the intrinsic order of activity of the catalysts is chloride 
> bromide > iodide ~ fluoride. 

Toevaluate thekmeticordervwthrespecttothecatalyBt* 
ln(*0 obtained from an NaBr-catalyzed system was plotted 
as function of ln([NaBr]> as shown intfigure 3. Since the 
slope of the line is 1.0. the oxirane-C02 reaction seems to 
be"flrst~order"with~re5p^ _ to"the conctnt^tiorToflhe - 
catalyst. On the other hand, the carbon dioxide pressure 
showe d no effect on the yield of 2 at all, as shown in Figure 
4, Consequently, the reaction rate can be expressed by 
following equation: 

-^Il]»*tlltcat.l (3) 

where [cat] is the concentration of the catalyst and the 
reaction rste is independent of the carbon dioxide pressure. 

(27) Wctot B.; Vegtf*, JV Top, Curr, Chtm. 1981, SS, 1. 
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FigiireS. Plot of the rate constant (*0atl00 *C for the reaction 
of 1 with carbon dioxide under atmospheric pressure catalysed 
by KeBr as a function of conCEatratipn of N&Br, 
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Figure 4. Yield of 2 vs pressure of carbon dipride for the reaction 
of 1 with carbon dioxide at 100 e C for 30 min using NeBr as a 
catalyst 

Discussion 

Structure-Activity Relationship of the Catalyst* 
The counter anion of the salte significantly affects the 
catalytic activity. Essentially, only halides showed a 
considerable activity, probably because halide anions 
exhibit moderate nucleophHicity and high leaving ability* 
Salte with nonnucleophilic anions, euch as jS-tcluene- 
sulfonate and perchlorate, showad no activity in epite of 
higher leaving ability. Furthermore, salte with higher 
nucleopholic anions, such as acetate, cyanide, phenolate, 
and thiophenolate, showed very low activity probably 
because of low leaving ability, Rokicki et aL reported 
jthat_potasBium_phenolate-a^ 

erable catalytic activity at 40 atm, 12 indicating that Buch 
highly nucleophilic anionB can catalyze the 5 cxirane-COs 
reaction via a different reaction mechanism under higher 
pressure. 

The order of the activity of halides can be estimated to 
be chloride > bromide > iodide ~ fluoride.' The appar- 
ently lower, activity of sodium and lithium chloride may 
arise from the low solubility of these salts. Although the 
nucleophilicity of an anion depends on the solvent used, 
the order of the nucleophilicity of halides in 8^2- type 
reactions in aprotic solvents, such as NMP, is known to 
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be CI" > Br->I-. SM0 Thus, the order of activity of halide 
anions Ib consistent with the order of nudeophiEdty, The 
low activity of fluoride can be explained by its low leaving 
ability.** The importance of anion nucleophilicity indi- 
cates that the rate-determining step of the oxirane-COa 
reaction involves nucleophflic attack of an anion to oxirane, 
which is consistent with the kinetic analyses (eq S). 

Furthermore, the role of the catalyst cation is notable* 
In both series of bromide and iodide, the order of the 
activity is lithium salt > Bodium Bait > benzyltrixnethy- 
Inmraonium salt This order ib in accord with lie order 
of Lewis acidity of the cation, 31 indicating the cation acted 
as Lewis acid to activate the oxiranB. 8 * 35 Since the Lewis 
acidity of cation decreases in the presence of a strong 
ligand, the catalyst activity decreased by addition of crown 
ether," although the coordination ability of crown ether 
in NMP iB very low.** 

Mechanistic Aspects, Although the reaction mech- 
anism-shown in Scheme III (path A) has been proposed 
for the ourane-COs reaction by many researchers, 1 *' 18 ' 28 
-noreliable-evidence-hasyetHbeen^portedr-PaA-A~waBi— 
however* clearly confirmed from kinetic analyses made in 

— - R ^ ^ — - — 

(2S) Wimt^la, a; S*v»dt>«; L. G.j Batik, 6,; Stevem, X D. R.i G&JL J. 
9. Tttrahtdrvn Lett, W0> 24, 

(80) LSotta, C. L.: G3rfftd*le, B. E, Tttrchtdrvn Lett, 191$, 4206. 

<S1) luict, N. S. Phy*ical Organic ChtMhtry* Lonpain Scientific & 
Teck&icfiJU Northern IrtlAud, 1§B7» 

(82) Rao, A* S.; Pdmikar, S. IC? KirUne, J. G. Tetrahedron 1*85, 89. 

(85) Fwker. fc, E«; l«wvo, N< S. CW Aru. 1959, 5$. 737. 
(54) H<wM yi«ra t J. TttraHtiron Lett. 1976, 741. 

(86) Ltoeola, S. F.; Br«rtton, L M>; SpoUwood, T, M, *J. Am. Chtm. 
Sec. 1€8I. 208, 8154. 



our simple system. It was found that the rate-determining 
step is the attack of the anion paxtof the catalyst to oxirane, 
The importance of Lewis acidity of the cation pert and 
nudeophilicity of the anion part of the catalyst as described 
above can be explained by this mechanism. 

To prove the reaction of oxirane and Bake, the reaction 
of 1 with. I equiv of LiBr was carried out in the absence 
ofCO 2 atl00°Cfor2.5hinNMP. l-Phenoxy-2-propanone 
(6) was isolated in SO % yield as the sole product 4 could 
not be detected because it cydized rapidly to I LiBr. 
Since the form ation of 6 is reasonably explained by hydride 
transfer of 4 as shown in Scheme IV, the presence of key 
intermediated was proved indirectly. Although the Lewis 
add«catalyzed rearrangement of oxirane to aldehyde via 
more the stable carbenium intermediate ia well-known,*** 5 ? 
the rearrangement of oxirane to ketone is not conventional 
Formation of ketone 6 dearly indicates the attack of 
bromide anion to oxirane on the less substituted carbon 
regioselectively, which is characteristic of S^-type nu- 
cleophilic attacks on oxirane ring systems. 87 

Although anions with higher nucleophflieity react with 
oxiranes more rapidly, acetate, phenolate, and thiophe- 
nolate anions may show no cataJyticactivity based on path 
A because of their low leaving ability in S^2-type reaction 
on sp $ carbons. However, a small amount of 2 was obtained 
using thesesalts, and carboxylate and phenolate are known 
to catalyze the oxirane-COa reaction in the presence of 
crown ether under high preBaure conditions.** These facts 
indicate the possibility of another reaction mechanism, 
especially under high pressure. Because the catalytic 
activity of thes e highly nucleophitfc anions bbwh to depend 
on the CO2 pressure and these anions are good leaving 
groupB La displacement reactions on carbonyl carbon, 
another possible reaction mechanism can be proposed as 
represented in Scheme V (path B). Since the equilibrium 
of the first step of path B with atmospheric pressure of 
CO2 lies so far to the left, path B can not be the main 
reaction path under atmospheric pressure. However, when 
the pressure of CO2 increases, the equilibrium may shift 
to the right eo that the osdrane-OOs reaction via path B 
maypfroeeed smoothly. At present, it is not clear whether 
_haMeedte<canc£t^y^ 
B. 

Summary 

We demonstrated the Btructure-activity relationship 
of the catalyst and a proposed reaction mechanism of the 
oxirane-002 reaction by which CO2 can be easily intro- 
duced into organic molecules under atmospheric pressure* 
Alkali metal salts, which have been thought to exhibit 

06) ftJckbwn, B.; Geikln, K. M J. Am. Chem. 80& 1$71, G3 t 1699. 
(37) Smith. J. G. Synthetic 1584, 629. 



onno 11 10-10 co 11 +i 



; 0258479040 



I 7/21 



6202 J f Ctem*, VqL 58, No. 23, 199$ 

rather low catalytic activity in comparison with lipophilic 
onium aaltfi, &re more active catalysts for the oxirane-CO* 
reaction because alkalimetal cations behave as -Lewis adds, 
Furthermore, halidee are the most suitable anion part of 
the catalyst for the oxirane-CO fi reaction because of their 
appropriate nudeophilicity and leaving ability. Conse- 
quently, alkali metal halides were the beet catalyrta 
examined A significant feature of the orirane-COg 
reaction is that the rate of the reaction is independent of 

thepreBBurBofCO^becauBethfiTeactionofaUcoaddeanbn 
with C0 2 is rapid enough. Although we used 1 a* a 
reprefientattv* oxirane, these structure-activity relation, 
fihipfl and reaction mechanism are assumed to be valid for 
most oxiranes, 

# The fact that easily available alkali metal salts act as 
highly active catalysts in nature is very important from 
an economical and practical viewpoint, although low 
solubility of aliali metal salts in organic solvents ie 
disadvantageous. Furt&er research of novel catalysts 
which combine lipophilic!^ high Lewis acidity, high 
xmcleophilicity, and high leaving ability is in progress* 

Experimental Section 

™&*^J£ e £$ and "C NMR spectra were recorded on 
a JEOL PMX-00 SI (80 MHss) or on a JEOL ESC-90 (90 MHz) 
^0Ctr<>m6t*r, uebg TMg *a an internal standard, m abectra 
were recorded on a JBOL JIR-SSOO instrument. KPLC analyses 
were made *y uaing UV detector (JASCO UVIDEC-1O0-V) at 
245 nm, utilising freshly distilled dichloromethaae as solvent 
MutfonMta 1 n^mia, at room temperature), and a Gaaukurc 
Kogyo Umsil. Q 60-6 column. 

Matwiala. 2£<Epo*ypropyl phenyl ether (1) End .tf-xneth- 
ylpyirolidiaono (NMPJ^erediBtmed from CaH a attd6twd under 
nitrogen. THP waadifitalled from lodlum-benxophenone ketyl 
under nitrogen atmosphere before use. Naphthalene was re- 
crystallized from ethanol, Benzo-15-crown-5 was re crystallized 
fromTj-hexase, Reagent grade phenol and thiopaenol were med 
without further purification. Hydrated henzyltiimethylaminO- 
nium fluoride was commercially available and was dried under 
vacuum at X0O *C for 24 h ev*r PsQb followed hy cruBhin* end 
subsequent further drying under vacuum at IOO P C for 24 h over 
P^C* before use. Other ammonlumaaltfi andinorganic chemicals 
were reagent grade and used after drying under vacuum. 

Lithium. Pbenoxide. To a eoluHan of 2.8 g (30 mmol) of 
phenol in €0 mL THF was added 18 xoL of a 1.62 mcl/L hexane 
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solution of butyliithium (30 mmol) drepwise under nitrogen at 
0 °(3. After 30 min, the volataleB were removed under vacuum 
to obtain lithium phencxSde aa a white powder. 

Lithium Thiophcnoxide. To a solution of 0.65 & (5 mmol) 
of thiophenol in lOmLof THF waB addc>d S.l mL of aL62mol/L 
heiane solution of butyllithaum (5 mmol) dropwiae under nlfcrcgen 
atO°C. After 30 min, the volatOea were removed uader vacuum 
to obtain lithium thiophenoxide aa a white powder* 

4-(Phauioxymethyl)ai8-dIorolHn-2-one (2). A solution of 
1*71 g (11 mmol) of I and 75 rag (0.6 mmol) of sodium iodide in 
11 mL of NMF was heated at 100 *C for 24 h under a carbon 
dioxide atmosphere. The reaction mixture was poured Into 1(H) 
mLof water and precipitates were washed thoroughly with water. 
The crude cyclic carbonate was recryitalliased in ethanol toobtain 

I. 61 g (7Sft ) of ^(ph«ncxymethy^.l,34ioa»lan.2-one (2), Mpj 
98.5-90.6 fi C (lit. 88 mp 98-39 NMRi (60 MH*, CDCla) i 
7.40-0.6S (m, 6H, Ar), 5.24-4.67 <m, lH, Oft), 4.02-5.87 (xo, 4H, 
CHa). IS; (KBr) 1805, 1167, 10v2, end 760 oH. 

faction of 1 and Carbon Dioxide. A mixture of 1.50 g (10 
mmol) of 1, 5.0 mmol of catalyst, and 0.128 gef naphthalene was 
introduced in a two-necked flask equipped witha rubber septum. 
After the atmosphere waa replaced with CO*, 10.0 mL of NMP 
was introduced ualng a uyringB through a rubber aeptum to 
dissolve the mixture. The total voluma of the solution became 

II. 4 mL, The solution was allowed to eland at 100 *C with 
continuous etirring. Pario^Italty, a sinall portion of the roaction 
mixture was removed out through rubber septum, diluted with 
diehloromcthane, and washed with water. The organic extract 
'was analyzed by HFLC to estimate the conversion of 1 and yield 
of 2 using naphthalene as an Internal standard, 

Reaction of 1 and LiBr. A solution of 782 xng (5£ mmol) of 
1 and 449 mg (5.2 mmol) of lithium bzomide in 5 mL of NMP 
waa heated at 100 °C for 2*5 h under a nitrogen atmosphere. The 
reaction mixture was poured into 50 mL of phosphate buffer (pH 
- $.S) and extracted with 6 X 10 mL of ether. The organic layer 
was washed with water and dried with MgS0 4 before evaporation. 
l-Phenoxy-2-propanone (6) (368 mg, 20%) waa Isolated as the 
sole produefcfrom the exudemirture by preparative TLC (eluentj 
CHrCls). NMR: (eOMHs.CDCla) « 7*4$-S.61 (m, «H, Ar),4,46 
(a, 2H, CHa), 2.20 (a, SH f CHa). IE; CNaC» 1786, 17S2, 1699, 
1589, 1497, 1228, 1171, 754, and 692 cm- 1 . 
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Abstract 

The ionic conductivity of highly deprotciniV.ed liquid natural robber having cpoxy group (U2DPNR) mixed with alkali mcfctl suite Wns 
invcKtjguled through impedance analysis to clarify the cfTeet of proteins present in the rubber. The LEDPNR, thus used, was prepared from 
dcpolymori^aticn ofepoxidized natural rubber (ENR) latex, which was deprotainizod by incubation ofthe lutes with proteolytic enzyme and 
surfueUmt The ionic conductivity of the resulting LEDPNR wi»t? dependent upon the alkali metal salts, where the ionic conductivity of 
LEDPMRAisCirinuotorncthnnc sulfonyl)imidc (LiTFSI) was higher than that of LEDPKR/lithium .pcrchtoimti(UC10«). The difference in the 
ionic conductivity Wirt attributed to the solubility of the salt* through both high-resolution solid-state l3 C nuclear magnetic resonance (N3MR) 
spectroscopy und measurements of spin-lattice relaxation time. The ionic conductivity of LEDJ>NR/LiTF$I vuiut also dependent upon 
concentration of LiTFSI and the conductivity reached the highest value ut 20 wt.%, which was different from the monotoni© increase in the 
ionic conductivity of liquid ENft prepared from untreated natural rubber latex. 
O 2004 Elsevier B.V. All rights reserved. 

Kt&itofiki DepfOieirtited nuturnl rubber; Liquid epaxioJTKttl natural rnb!>er. LiTFSI: Polymer electrolyte: Ionic conductivity 



"L Introduction 

Solid polymer electrolytes (SPEs) arc widely recog- 
nized to be important materials to fabricate Ionics devices 
such as polymer batteries, because they provide an 
effective conduction path of carrier ions like Li + ion 
[1—3]. Subs'ianiial effort has been devoted to improve the 
ionic conductivity of the SPE with respect to the amount 
of charge carrier and mobility of die ions [4J. For 
instance, to increase the ionic condLictiviry, it is necessary 
to optimize the amount of charge carrier and mobility of 
ions, since the excess amount of chnrgo carrier results in 
decrease in the mobility [5-7], In this regard, low glass 
transition temperature, T B% and inciting temperature, 7" ro , 
arc required for the SPE, even though it contains polar 
substitiicnts that resulted in higher 7^ and T m . In the last 
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two decades [8-11], oligomer electrolytes were prepared 
to reduce T & and r m « However, the resulting oligomer 
was mechanically unstable, so that it spread out after 
preparing an ns-cast film. Jt is thus quite important to use 
n polar rubbery material as a conducting medium, be- 
cause it has not only polar substituents to transport Li + 
but also low r s to enhance the mobility. 

In the previous work [12], a commercial epoxidized 
natural rubber (ENR) after mastication was proposed as a 
polymer electrolyte, in which the ionic conductivity in- 
creased monotonically. nsthe salt concentrations increased: 
for instance, about 10" 4 S cm~ 1 at 60 wtVt «aJL However, 
the monotonia increase ia the ionic conductivity wa* sug- 
gested to be different from the normal dependence of the 
ionic conductivity of the polymer electrolyte on the salt 
concentrations, in which the maximum was shown at the 
adequate salt concentration* except for the presence of water 
[13,14], Thus, the monotonic increase in the ionic conduc- 
tivity against the salt concentrations may imply the presence 
of water that causes serious problems such as dendrite 
formation in die electrolyte and corrosions of electrode. 
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Since natural rubber contains about 2 vt.% proteins that are 
attractive with watcr f| 5 AG], it is quite important to remove 
the proteins from the rubber. 

In our previous work [17], we proposed highly-dcp lutei- 
nized natural rubber and hypcr-dcprotcinizcd natural rubber, 
which contained about 0.1 and 0.02 wt% proteins, respec- 
tively, being less than about 2 wt.% proteins present in the 
untreated natural rubber. An epoxidized liquid rubber pre- 
pared from the dcproieinlzod natural rubbers was adopted as 
a polar rubbery electrolyte that contained fewer amounts of 
proteins, ft may be an important and useful polymer 
electrolyte, since natural rubber is one of metabolic materi- 
als produced in Ilcvea braxlUensh* 

In the present work, to evaluate the liquid rubber as a 
polymer electrolyte, we measured the ionic conductivity for 
the mixtures of liquid cpoxidizod natural rubber with lithium 
bis(triflucromothane suJfonyl)imide (LiTFST) or lithium 
pcrchlomte (LiCIO^) by a.c. impedance. The interactions 
between tiic liquid rubber and salts were investigated 
through high-solution solid-state ,fl C NMR spectroscopy 
and measurement of spin-Ion Ice relaxation rime. 



2, Experimental 

2, /, Sample preparation 

The nibbcr used in this study was high ammonia natural 
rubber (NR) latex, which was supplied by Sumitomo 
Rubber Industries, Japan. Dcprotcinization of the rubber 
latex was made by incubation of the latex with 0,04 wu% 
proteolytic enzyme (Kao, KP-3939) and 1 wt.% sodium 
dodccyl sulfate (SDS) for 12 h at 305K followed by 
ccntrifugation [17], The cream fraction was ^dispersed 
into I wt.% SDS solution und washed twice by centrifugn- 
tion to prepare deproteimzed natural rubber (DPNR) latex. 

NR and DPNR, prc-ceolcd at 283K, were cpoxidfeed in 
tlic latex stage wiift fresh pcracctic acid (33 wt.% concen- 
tration) for 3 h ai pl-l 5-6. After completion of the 
reaction, the pH of \hc solution was adjusted to 7,1, 

Dcpolymcrizntion of the cpoxidizod rubber was canned 
out by incubation of the Intcx with ammonium persulfate 
((NH4) 2 S 2 0 R ) and propanal at 338 K for .12 h. The 
resulting latex was coagulated with methanol followed 
by purification with toluene and methanol, and dried at 
303 K for a week under reduced pressure. Nitrogen 
content, J^vaum* cpoxy group content, X vptiXy% glass 
transition temperature, T g , weight average molecular 

weight, number average molecular weight M M and 
polydispcn%< MjM n for NR and DPNR, liquid cpoxi- 
dized DPNR (LEDPNR) and liquid cpoxidizod NR 
(LENR) arc tabulated in Table 1. The structure of the 
LENR and LEDPNIt were characterized by 'H NMR 
Spectroscopy [18]. 

The LEDPNR and LENR were mixed with salts to 
prepare polymer salt electrolyte film. Salts used in the 
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Characteristic* ofNR, bPNft, LEDPNR end LENR 


Specimen 




^iiilrujiwi 
(WL%) 




M 
CIO 5 ) 


U w 
(10 s ) 




DPNR 

LEDPNR 

LCNR 


33 
29 


0,340 

0.017 


212 
213 
241 
238 


3.37 
2.10 
O.IK 
0.3R 


25.10 
17.M 
0.41 
1.21 


7.45 
K.4S 
2.20 
3.19 



present study were lithium bLs(trifluoromcthanc sulibnyl)i- 
midc (LiTPSl) and lithium- pcrchlomte (LiCl0 4 ). LiTFSI 
was gifted by Sumitomo 3M and LiClQ 4 was purchased 
from Aldrich. The mbbers after drying for at least a week 
were dissolved in dried tctrahydrofuran. The solution was 
mixed with the salts followed by casting onto Teflon 
sheets to prepare film specimens for the measurement of 
ionic conductivity. The resulting film was dried under 
reduced pressure at 323 K for 24 h. 

2.2. Measurements 

Measurements of molecular weight and molecular weight 
distribution of the rubber wore made by n TOSOH gel 
penncation chromatography, consisting of a TOSOH CCPD 
pump, a RI-SD12 Differential Rcfractomctcr and a UV- 
8011 UV detector. The measurement was made at room 
temperature and the flow rate of the mobile phase, THF, was 
0.5 ml/min. The molecular weights were estimated on the 
basis of the molecular weight of staadard polystyrene. 

*H NMR measurement was carried out with a JEOL 
EX-400 NMR spectrometer at the pulse repetition time of 
7 s ibr 45° pulse. The rubber was dissolved in dcutcrated 
chloroform. The cpoxy group content was estimated from 
intensity ratio of the characteristic signals at 2,7 and 5.1 
ppm, respectively. Measurements of high-resolution solid- 
state l3 C NMR and spin-lattice relaxation time, T x < were 
mndc with a JEOL GX-270 NMR spectrometer. The usual 
J80°-t-90° pulse sequence with" a repetition time of 
5 X 7"j was applied to the T. { measurement. The measure- 
ment was made with decay times, t, ranging from 1 to 
5000 ms, and 180 scans [19]. 

DSC measurements were made with a Seiko Instrument 
DSC 220 differentia! scanning calorimeter over the temper* 
amrc range of 153-373 K at the heating rate of 10 K/min, 
Rubber samples of about 10 mg were encapsulated in an 
aluminum pan. The midpoint temperature was used as the 
7" c of the sample. 

The ionic conductivity was measured by the complex 
impedance method with Schlumbcrgcr Sotartron-126'0 im- 
pedance gain-phase analyzer in the frequency range from 
10 to 10* Hi The ionic conductivity was measured during 
cooling with the cooling rate of 3 K/min from 333 to 283 
JC The impedance data were collected by the custom- 
designed apparatus and depicted llA Arrhcrtius plots of the 
ionic conductivity [20], Tlic sample cell preparation and 
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Pig. L Cole-Cole plot fop LI-DPNR mixed with 20 w(.% UTPSI m 323 K. 



measurements were performed in a glove box filled with 
dry nitrogen gas. 



3. Results :ind discussion 

A typical Colc-Colc pJot for a rnkturc of LEDPNR. 
with 20 wt% LiTFSl (L EDPNJl/L i TFSI) at 323 K Ls 
shown in Fig. I. The imaginary part of impedance, Z% 
was' dependent upon the real part, Z' , which drew a locus 
of a lialf circle, as in the case of the mixture of polyeth- 
ylene oxide) (P£0) with alkali metal salts' [2 1]* Thus, the 
bulk resistance (/? b ) was estimated from a point of inter- 
section of the curve and die axis of abscissa [22,23]. The 



-5 




-10 I 1 » 1 1 

3,0 3,2 SA 3.6 

1000T/K" 1 

Fig. 2. TcmpcruitirL' dcpL-ndnr.w ofthtf ionic conductivity for the mixtures 
uf LEDPNR with soft: (•), LiTFSI nncl (y\ UOO* In a rado of K()!20 by 
mole, respectively, 



Z^jfov /mi (2004) W-J36 




1 1 i i i i i 

68 66 64 62 60 5B 56 

PPM 



Fig. 3. High-rcsalution solid-Mate ! *C NMR apeeini at 323 Id (A) 
LEDPNR/LiTFSI; fB) LEDPNR/LiCIOj; (C) LEDPNR, 

ionic conductivity, <7, was estimated from the value of 
as follows: 

= d 

where d is the thickness of the film specimen and A the 
area of the electrode. The estimated values of <r for 
LEDPNR/LiTFSI or LEDPNR/LiCl O4 are plotted against 
a reciprocal Temperature, 1/r, in Fig, 2, The «r in Fig, 2 
increased monotonically with decreasing reflecting that 
a was a function of the mobility of LEDPNR- Furthermore, 
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Fig. 4. TYpiuuI plot urtaGW 0 ~Af r ) versus time for LEDPNIVLiTFSI nt 
323 K: (A) C« (O) C«> ppin . 
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« each temperature, rhc value of <r for LEDPNR/LiTFSl was 
found to be higher than that for LEDPNR/LiClO^, 

To investigate the difference in a between LEDPNR/ 
LiTFSl and LEDPNR/UCIO* in a view of the interaction 
between cpoxy group and sail, high-resolution solid-state 
'C NMR measurement was carried out for the mixtures. 
The ,3 C NMR spectra for LEDPNR/LrTFST and LEDPNR/ 
L1CIO4, ranging from 56 to 68 ppm, arc shown in Fig, 3, 
The signals at 60 and 64 ppm, respectively assigned to 
tertiary and quaternary carbons of cpoxy group [24]. moved 
to lower magnetic field that is, larger value of chemical 
shift, after mixing LEDPNR with the salts. The ahift of the 
signals was more significant as LEDPNR was mixed with 
LiTFSl, rather than LiC10 4 , Since the cation used In the 
present study was Li*, the significant shift of the signals for 
LEDPNR/LiTFST may be associated with The amount of Li + 
that internets wiih the cpoxy group. 

The difTcrencc in the amount of Li * that interacts with the 
opoxy group between LEDPNR/LiTFSl and LEDPNR/ 
L1CIO4 must reflect the half width of the signals at 60 and 
64 ppm. The half width of the signal at about 64 ppm for 
LEDPNR* LEDPNR/LiClO* and LEDPNR/LiTFSl were 
uboul 70, 100 and 170 Hz. respectively. Trie larger value 
of the half width for LEDPNR/LiTFSl may be due to 
overlapping of die signals according to various chemical 
conditions of the cpoxy groups that interact with Li + , 
whereas the smaller value for LEDPNR/LiCIO* may be 
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Fig. 6. Ionic conductivity for (O) LF,DI>NR/LiTFSI and (•) LENR/LiTFSI 
ds a function of wilt concentnitionsi. 

due to a few conditions. The difference in the half width 
may arise from the solubility of the salts, since the con- 
ditions may be associated with the amount of Li*; the larger 
the amount of Ll\ the greater the condition is. 

To assure the difTcrencc in the solubility between LiCIO* 
and LiTFSl* spin-lattice relaxation time, T u was measured 
through ,3 C NMR spectroscopy. Fig, 4 shows a typical plot 
ofln(Af 0 - A/J versus rime, for LEDPNR/LiTFSl at 323K, 
where JW 0 is the macroscopic magnetization and M e the 
longitudinal component of the macroscopic magnetization. 
The T\ was estimated from the slope of the straight line of 
the plot. The estimated values of T\ for LEDPNR/LiTFSl 
and LEDPNR/L2CIO4 arc tabulated in Tabic 2. The T } for 
LEDPNR/LiTFSl was shorter than that for LEDPNR/ 
L1CIO4, even though the molar ratio of the salts to oxygen 
atom in the mixtures was the same, i.c., Li/O « 0.1 78. This 
may be attributed to the difference in the amount of free Li* 



i J r r 




•10 



3.0 



a2 3.4 

1000T/K-T 



3.6 



Fig, 5. Temperature dependence of (ho ionic conductivity for LEPPrW 
LiT FSl at the various concentrations Of UTF5J: K» 50 (&) 30 wl%; 
(C) 20 wl%; (+) 15 AYt.°/c< {») 10 wt.%; (t) 5 wt.%; (A) 2 
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Temperature / K 

Fig, 1. DSC Ihefmogrtitn* for LEDrNR/LlTFSJ ai various concentrations of 
sail; (A) 0 WL%; (B) 5 vrl.*s (C) 10 wt%; (D) J 5 wLtfc (E) 20 wl.%; 
(F) 30 wt.%; (O) 50 *%*A, 
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Fig, K. DSC thermograms for LENR/LiTPS! ut various concontrcrtions of 
sate (A) 0 wt.%: (B) 5 wt.%; (C) 10 wt.%; (D) 15 (£) 2D wt%; 
r/) 30 wt.%; (G)50wi.%. 

due to the solubility of the salt that hi dependent upon a lattice 
energy or the salt. Thua, LiTFSl was found to bo a suitable 
salt for forming a polymer electrolyte with LEDPNR, 

The Arrhcnius plpts of a for mixtures of LEDPNR with 
various concentrations of LiTFSl are shown In Fig. 5. The 
cr for all of LEDPNR/LiTFSl increased roonotonically as 
1/7* decreased; Furthermore, the values of c were approx- 
imately similar to each other, and the slope of the line was 
apparently independent of the concentration** of LiTFSl, To 
clarity the effect of salt concentrations on a, plots of o nt 
323 K. versus concentrations of LiTFSl arc shown in Fig. 
6. The a was dependent on the concentrations of LiTFSl 
and reached the maximum at 20 wt,%, that is\ Li/ 
O = Q.I 78, The increase in a at lower concentrations of 
LHTSI is attributed to the increase in the amount of Li + . 
On the other hand, the decrease in <r at higher concen- 
trations of LiTFSr may be due to the constraint of die 
segmental motion of LEDPNR. To confirm the constraint 
of the segmental motion, a glass transition temperature, 
of the mixtures was measured. The DSC thermograms of 
LEDPNRTLiTFSi arc shown in Fig. 7. The T B of the 
mixtures rose as the concentrations of LiTFSl increased^ 
attributable to the pscudo-crossfinJnngs of LEDPNR, as in 
the case of PlEO/LiTFSI reported in the previous study 
[25]. 

in Fig. 6, the a for mixtures of liquid epoxidized natural 
rubber (LENR) prepared from untreated natural rubber 
latex with various concentrations of LiTFSl is also shown 
as a control in order to emphasize the importance of the 
deprotchrizmion of natural rubber. The a for LENR/LiTFSl 
increased monotortieally as the concentrations of LiTFSl 
increased, which was distinguished from a for L£DPNR/ 
LiTFSl, but similar to a for the reported mixture of 
masticated ENR50 with lithium triflutc [32]. This may be 
due to the residual proteins present in LENR, which is 
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known to be attracted with water. Fig. 8 shows DSC 
thermograms for the mixtures, The 7^ for LENR/LiTFST 
was independent of the concentration* of LiTFSl which 
was quite different from the dependence of T u on the 
LiTFST concentration for LEDPNR/LiTFSI. The depen- 
dence of 3T ¥ of LENR on the concentrations of LiTFSl was 
similar to that reported in the previous work [12], Since 
the difference between LEDPNR and LENR is only the 
amount of proteins that arc contained in the rubbers, 
respectively, the monotonic increase in a for LENR, 
different from that for LEDPNR may be due to the effect 
of flic proteins. This demonstrates that, in order to inves- 
tigate the Li* ion conduction for modified natural rubber, 
natural rubber will be subjected to the doproteinization to 
diminish the effect of the proteins on <7. 



4. Conclusions 

The Li* ion conduction of LEDPNR was dependeat 
upon the type of salt, their concentrations and temperature. 
The ionic conductivity of LEDPNR/LiTFSI waa higher 
man that of LEDPNR/LiCIO*. Based upon the chemical 
shift, half-width and spin-lattice relaxation time of ,3 C 
NMR spectroscopy* LiTFST was confirmed as a suitable 
salt for LEDPNR due to the high solubility, which resulted 
in high ionic conductiviry. The mixture of LEDPNR with 
20 wt.% LiTFSl showed the highest ionic conductivity, 
i.e., about 2.0 X 10" 6 S cm" 1 at 323 K, in which tho ratio 
of the Li/O was 0.178. The ionic conductivity was also 
dependent upon die proteins that were contained in natural 
rubber. These results suggest that it may bo important to 
remove the proteins from natural rubber to prepare the 
polymer electrolyte from the rubber. 
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Abstract 

The ionic conductivity of highly deproteinked • 
liquid natural rubber having epoxy group 
(LEDPNR) mixed with alkali mete! salts was 
investigated through impedance analysis to 
clarify the effect of proteins present in the rubber. 
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INTRODUCTION 

Carbonated natural rubber may be a novel functional 
organic material because if consists of flexible isoprene 
units and polar carbonate groups, as shown in Figure L 
It may be prepared from epcoddiaed natural rubber 
(ENR) with carbon dioxide because low-molecular- 
weight carbonated compounds have Jbfien prepared from ' 
aliyl cxirane with carboa dioxide in the presence of 
lithium bromide (LiBr) as a catalyst* 1 " 4 The carbonntLon 
of all^yl cxirane has been proposed to proceed through, 
an intermediate consisting of alkyl oxirane, carbon, diox- 
ide, and LiBr, followed by back-biting of — Oli to 
— CH 2 !Br to form cycKc carbonate groups, as shown in 
Scheme X 4 'According to the proposed mechanism, alkyl 
oxirane as a substrate must be dope to carbon dioxide 
and LiBr to- form the intermediate. Thus, to apply this 
reaction to ENR, it is necessary to make an interaction 
between the epoxy group of ENR and LiBr. However, 
proteins present in natural rubber prevent the interac- 
tion between tie epexy group and LiBr because the pro- 
teins are attracted with water, 5 In fact, no publication 
haB reported the preparation "of carbonated natural rub- 
ber. Thus, to prepare carbonated natural rubber, we 
have to remove the proteins from natural rubber. 

In previous works* 7 we proposed the efficient puri- 
fication procedure of natural rubber with urea as a 
denaturant because urea is known to change the can- 
formations of proteins through hydrophilic interactaoriBj 

Correspondence to: S, Kavrahara (E-mail: kawahare® 
chem .nagnokau t ccjp) 
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and it stabilizes the proteins in water because of hy- 
drophobic interactions. The resulting deprofceinisied net* 
ural rubber (DFNR) was proved to contain less than 
0.005. wt % nitrogen sources, corresponding to less than 
about 0.03 wt % proteins. From the DPNR, wo pre- 
pared liquid deproteinized natural rubber having epoxy 
* groups CTjKPPNR), which was irascible with Hthram 
Bait 6,9 Because we found interactions between the ep- 
exy group of LEDFNH and the lithium cation of the 
lithium salt j in the mixture through solid-state U C 
NMR spectroscopy, 9 the epoxy group may be attracted 
with Li salt because of the absence of water. Further- 
more, supercritical carbon dioxide was reported to pen- 
etrate natural rubber, 10 ' 11 even though the rubber was 
vulcanised. Thus, ©iter the swelling of the mixture with 
supercritical carbon dioxide, carbonated natural rubber 
may be prepared, as in' the case of alkyl axifane. 4 

Carbonated natural rubber may be ^characterized by 
not only Fourier transform infrared (FTTH) spectroscopy 
but also NMDR spectroscopy. In the case of FISK epec- 
.tzxiBcopy, a strong absorption peak characteristic of 
the 'cyclic carbonate group was reported to appear at 




Figure 1. Chemical structure of carbonated natural 
rubber. 

1561 



,'0258479040 



If 16/ 21 



X562 JT. POLVM. SCL PART A; POI*M. CHEM.: VOL. M (2006) 



LiBr 



Lf 



CO, 
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, Aril 

Scheme 1. Proposed mechanism of eartaonatfco for low-mcletukivweight allcyl ctairane, 



X750 cm" for the low-molecular-weight carbonated 
compound.* 3 In contrast the cyclic carbonate groin? 
may be positively proved by NMR spectroscopy witii 
various pulse techniques,- thatis, two-dimensional NMR 
measurements including inverse correlations. Because 
H- H correction, x H- a C correlation, and the correla- 
tion of ^H-^O through two or more bonds [heteromi- 
clear multiple bond correlation (HMBC)] are detected 
by two-dimensional NMR measurements, the presence 
of the carbonate group may be rationally connrmed by 
NMR spectroscopy, despite no reported assignment. 

In this study, an attempt to prepare carbonated nat- 
ural rubber from LJSD3PZSTR was made in the presence 
of supercritical carbon dioxide, The products -were 
characterized with *H and 13 C NMR spectroscopy. 



EXPERIMENTAL 

The natural rubber latex used in this study was com- 
mercial^ high-ammonia natural rubber latex, The 
depreteiaization of natural rubber was achieved by 
the incubation of the latex with 0*1 w/v urea (Nacalai 
IfesQue; 99.6%) and 1.0 w/v sodium dodocyl sulfate 
(Kishida Reagents Chemicale Co,, Ltd; 99%) for 1 h. 
at SOS K followed by centrifugetion. 6 * 7 One nitrogen 
content (N-coatent), number-average molecular weight 
(M a ), weight-average molecular weight (M w ), and. M^J 
values for the resulting- , DPNR are tabulated in ' 
Table L " 

DPNR> precooled at 283 -K» was epoxidized in the 
latex stage with fresh peracetic acid (concentration 
« SS v/v) for S h at pH 5-6. After the completion of 
the reaction,, the pH of the latex was adjusted to 
about 9 with an ammonia solution (Nacalai. Tesoue; 
99.5%). The degradation" of the resulting epoxidiaed 
DPNR was carried out by the incubation of the epoxi- 
dized DPNR latex with ammonium peraulfate {Na- 
calai Tfcsque; 99.6%) and propanal (Nacalai Teeque; 



09.5%) at 338 K for 10 h to prepare LEDPNK. The 
LEDPNR latex was coagulated with methanol (Na- 
calai Teeque; 99%), and Aria was followed by purification 
with toluene (Nacalai Usque; 99«6&) and methanol; the 
coagulated LEDPNR was dried at 303 K for a week 
under reduced pressure. 

The carbonation. of LEDPNR was performed with 
supercritical carbon dioxide under various conditions, 
LEDPNR was dissolved in tetrahydrofuran (THP; 
INacalai Tesque; 99.5%), and thisVas followed by mix- 
ing with LiBr. From the solution, an as-cast filTn was 
prepared and dried under reduced pressure for a 
• vreek. The resulting ae-cast film was placed in a Mgh- 
pressure reactor and was reacted with supercritical 
carbon dioxide under the conditions shown in Table %* 
The procedure to prepare the carbonated DPNR is 
schematically represented in Figure 2. 

t The apparent molecular weights and molecular weight 
distribution (My/M^> of the rubbers were determined 
with a gel permeation, chromatography system from 
Sbsoh, Ltd, with a computer control dual pump, an RI- 
80X3 deferential re&acUve-iadox detecton a UV-SOll 
ultraviolet spectroscopy detector* and a series of three 
G4C0OHXL columns (bead size « 5 /an, pore size == 10* 
A) 300 mm long with, a 7.8-mm L<L THP was used as an 
eluent, and the flow rate was 0,5 mLfaiin at room tempo- 
rature. Standard polystyrenes were used for a calibration. 

FTIR measurements o f the carbonated DPNR were 
performed with a Jasco FTIR-410 spectrometer at a 
resolution of 4 cm" 1 . 

NMR measurements were carried out with a JEQL 
ECA-400 NMR spectrometer operating at 399.65 and 
10O.4 MSz for a H and "C, respectively; The rubber 
was dissolved in chloroform-tf. Chemical shifts were 
referred to tetra m<* thylsfl arte <TM5). *H and 18 C NMR 
measurements were carried out at S2S 2C at the pulse 
repetition times of 7 and 5 a, respectively. Two-dimen- 
sional 1 H- 1 H correlation, 1 H- 13 C , correlation, and 
HMBC measurements were made to collect two- 
dimensional hypercomplex data. After being weighted 



Tfrblel, N -Oontent, X 6VOXy , M M 2fcf w and MJM A for DPNR and LEDPNR 
Specimen 



N-Content 
(w/w) 



(mol %) 



M a /10 5 

<g mor 1 ) 



MJ1Q* 
(g mol" 1 ) 



My/Mi 



mm 

LEDPNR 



0.02 
0.02 



33.5 



2.1 
0.21 



17.8 
0.56 



fi.5 
2.7 
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Table 2. Heaction Conditions and { 
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Catalyst Feed 
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Pressure 
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6 


373 
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LiBr 


O.l 
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LiBr 


O.l 
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373 
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48 


LiBr 


0.1 
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403 


14 


ft 


LIB* 


O.l 
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403 


20 


7J2 




O.l 
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423 


14 





0 Utidetemined because of the gel fraction* 

with a shafted sine-bell function, the data were Fourier- 
transformed in the absolute value mode. 



RESULTS AND DISCUSSION 

FTJR spectra for LEDPNR and carbonated DPNR are 
shown in Figure 3, in which normalised abscrbanoe, 
AJAq> estimated from a ratio o£ peak intensity at 
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Figure 2. Schematic illustration of preparing carbo- 
nated DPNR, s 
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Figure 3. spectra ibr (A) LEDFNB, (B) carbo- 

nated DPNR prepared with Lil at 373 K and 14 MPa, 
(C) carbonated DPNR prepared with LdBr and THF at 
.323 K and 14 MPa, (Decarbonated DPNR prepared with 
LiBr and THF at 373 K and 14 MPa, (E) carbonated 
DPNR prepared wiih IiBr and toluene at 373 K and 14 
MPa, (F) carbonated DPNR prepared with LiBr at 828 
K and 14 MPa, (G) carbonated DPNR prepared with 
LiBr at S73 K and 14 MPa, (H) carbonated DPftft pre- 
pared -with LiBr at 403 K and 14 MPa, and (D carbo- 
nated DPNR prepared vith LiBr at 403 K and 20 MPa, 



; 02bB4 040 



#16/21 



1684 J. POUm SCI, PART A: POLVM. CHEM»: VOL. 44 <2O06) 



1664 cm" , was delineated against wave number, v. 
The characteristic region of the ahsorbance peats of 
>C=0 and >C=^C< stretching vibrations is ex- 
panded. In th© spectra, broad peaks appear around 
1700-1750 and 1780 cnT 1 , which have been attributed 
to eater, formyU and carbonate groups. 12 The broad 
peaks increase in intensity as the reaction "temperature 
increases. Because a formyl group has been reported to 
be formed by a side reaction during the carbonation of 
low-molecular-weight aMcyl oxirane, 13 the increase in 
the intensity of the peaks at 1700-1750 and 1780 cm" 1 
may demonstrate that not only carbonation but also 
side reactions occur in LEDPMfc. lb distinguish the ' 
carfcoxylic, formyl, and carbonate groups more exactly, 
NMR measurements were carried out. 

•Jypical *BC NMB spectra for DPNR and LEDFNR 
are shown in Figure 4. Signals characteristic of 
methyl, methylene, and unsaturated methane protons 
of isopxen© units appear at 1.6, 2,1, and 5.1 ppm, 
respectively. After the epoxidation and dopolymBrisa- 
tion of DPNR, two other signals appear distinctly at 
2,7 and 1.2 ppm, and they have been assigned to 
methine and methyl protons of the resulting epoxy 
groups, respectively* In Figure 4, Bmall signals of a 
formyl group around 9A and 9.8 ppm are also shown 
for LEDPNR, as reported in our previous article. 6 
This implies that the broad peaks around 1700- 
1750 cm" 1 in the FTCR spectra for LEDFKR may be 
attributed to not only ester linkages of linked fatty 
acid ester -groupB— but also-formy! groups. 6 

The epoxy group content CX^^) was thus esti- 
mated from the intensity ratio of the signals: 
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Figure 4> X H NMR spectra for (A) DPNft and OS) 
LEDPNIL 
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Figure' 5» l H NMB spectra for (A) LEDPNR and (B) 
carbonated DPNR. 



7a7 



xlOO 



(1) 



where 7 is the intensity of the signals and the sub- ' 
scripts represent chemical shifts. The estimated Xf**y 
value of IZEDPNR is tabulated In Table 1. X^xy was 
33.5 mol %. In Table 1 are also shown M w M" w and 
the polydiepersity index (MsJM^ fbr U3DPNR. The 
values of M n and Mv, were about 2 x 10* and 5 x 10 4 , 
respectively, which were eiffcrificantry lesB than the 
values of about 2 x 10 6 and 2 x 10 fl for DPNR. TheBe 
axe consistent with oux previous results* 849 

Figure 5 shows a typical X H NMR spectrum for a 
product obtained by the incubation of LEDFNR with 
supercritical carbon dioxide at 403 K and 20 MFa, to- 
gether with the spectrum for LEDPNR, As for the 
product} two signals were newly found at 4.0 and 
4,8 ppm in the. a H NMR spectrum, which did not 
appear in the spectrum for LEDPNR. This may sug- 
gest the formation of cyclic carbonate groups for the 
product. To asBign the signals, in Figure 6, the ali- 
phatic region of the X H NMR spectrum for the product 
.has been expanded, and it is compared with a corre- 
sponding spectrum for propylene carbonate as a mod*' 
eL For propylene carbonate, two signals at 4.0 and 
4.6 ppm have been assigned to equatorial and axial 
methylene protons of cyctto carbonate groups 1 ** 1 * due 
to interactions with — CH 3 and respectively- Fur- 
thermore, fche Z H chemical shift of the cyclic carbon- 
ate group of 4,4,5-trim«tbyW,a-dioxolan-2-one as an 
additional model bee been estimated to be 4.0 ppm, 
.according to Furstls method, 36 '* 6 because of the inter- 
action with — CH 8 and — CHg— . Thus, the signal at 
4.0 ppm for the carbonated DPNR shown in Figure S 
can be assigned to the methine proton of the cyclic 
carbonate group of the carbonated DPNR This as- 
signment is supported by l H- a H correlation measure- 
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bon&ted DPNR shown in Figure 1, it may be possible 
to assign the signal at 4,0 ppm to the methine proton 
of the cyclic carbonate group. 

Figure 8 shows 13 C NMR spectra for LEDPNR, 
carbonated DPNR, and propylene carbonate. As for 
LEDPNR, two signals characteristic of the epoxy 
group are shown at €1 and 64 ppm in the Spectrum, 
which have been assigned to quaternary and tertiary 
carbons of the epoxy group, respectively. However, no 
signal appears around 75 and 150 ppm. After carbo- . 
nation, signals appear at 74, 75, and 151 ppm, 
whereas the £nt©nsity of the signals at 61 and 64 
ppm decreases. The signals appearing at 74, 75, and 
151 ppm have been asBignfcd to quaternary (>C<), 
tertiary (:>CH— ) f and quaternary (— O— (C=0) — O— ) 
carbons of the carbonate' group, as shown in Figure 1, 
according to chemical-shift values of signals detected 
for propylene carbonate and those estimated for 4,4,5- 
trimethyl-l,3-dioxolan-2-one 15,1€ as a model 

To confirm the assignments of L j0C NME and "O 
NMR spectra, W C-*H correlation and HMBC meas- 
urements were carried ojit for the carbonated DPNR. 
Mgure 9 shows 13 C- l H correlation spectrum for the 
carbonated DPNR, in which cross peaks appear 
because of spin coupling between W C and l H in 
"C- 1 !! correlation spectra. The 18 C signals for c&- 
1,4-isoprene units are rationally correlated to the cor- 
responding *H signals. Furthermore, the 1S C signal at 
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Figure 7. ^-^H correlation spectrum for carbonated DPNR. 
t 




ppm from TMS 1 



Figure 6. NMH spectra for (A) propylene Carbon- 
ate and (B) carbonated DPNR. 

ments of the carbonated DPNR. Two-dimensional 
^H-^H correlation spectra for the carbonated DPNR 
are shown in Figure 7, in which cross peaks appear 
because of spin coupling between X H and a H, The sig- 
nal at 4.0 ppm is correlated to the methylene proton 
at about 1.5 ppm, 1M7 which is a neignbor of the car- 
bonate group. On the basis of the structure of the car- "- 
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Figure 8* 18 0 NMR spectra for (A) LEDPNR, (B) 
carbonated DPNR, and (C) propylene carbonate, 



75 ppm of the raethine group, of the carbonate grgiap 
is directly correlated to the l H. signal at 4,0 ppm« The 
HMBC* spectra are shown in Figure 10- In the HMBO 
spectra, the X H signal at 4.0 ppm is correlated to the 
13 C signals at 28, 81, 33, 74, and 151 ppm. Because 
the signals at 28, 31, 33, 74, and 151 ppm have been 
assigned to primary (CH a —), secondary (— CH 2 — ), 
secondary (—CHa—), quaternary (>C<), and quater- 
nary [-0-(C=0)-0— ] carbons,**- 47 it is proved 
that the 1S C signal at 76 ppm and the X H signal at 
'4.0 ppm can be assigned to the methine carbon and 
raethine proton of the cyclic carbonate group, respec- 
tively, as shown in Figure 1. 

Because the signal at 4.0 ppm was proved to be 
the mefchine protons of the carbonate group, the con- 
tent of the carbonate groups (£) of the carbonated 
DPNR was estimated from the intensity ratio of the 
signals at 4,0 and 5,1 ppm: 

^ /^/{(lOO-^/lQQ) ^ 00 (2) 

The estimated { value is shown in Table 2. f was de- 
pendent on the conditions for the carbonation of 
LEDPNR. The most efficient carbonation occurred at 
403 K and -20 MPa for 6 h. At a high temperature, 
that is, 42S K, a fragile product was prepared, per- 
haps because of an unexpected side reaction, whereas 
little carbonation proceeded at a low temperature. 
Thus, as long as we use LiBr as a catalyst without 
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Figure 10* HMBO spectra for carbonated DPNSJ 



any organic solvent, a suitable temperature and pres- 
sure for the carbonation of LEDPNR may be 403 K 
and 20 MFa, respectively. 

In a subsequent article, we will report, more 
detailed assignments .and some properties of the car- 
bonated DPNR. 

CONCLUSIONS 

Carbonated natural rubber was prepared from 
LEDPNR and supercritical carbon diocide with LdBr. 
After carbonation, new signals appeared at 4.0 ppm 
in the a H TtfMft spectrum and at 74, 75, and 151 ppm' 
in the 1B C .NMR spectrum, which were assigned to 
the methine proton* " quaternary carbon (>C<0, terti- 
ary carbon (>CH— ), and quaternary carbon 
[— O— (C==0)— O— ] of the carbonate group, respec- 
tively. { for the carbonated DPNR was estimated to be 
7J2% at 40S K and 20 MFa. 
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Although SU '262 does not disclose or suggest any cyclic carbonate-containing 
polymeric compound represented by formula (I), 

0) 




as recited in claim 1 , the Examiner asserted that because Example 2 of SU '262 
discloses reacting epoxidized polyisoprene with carbon dioxide under the same reaction 
condition as disclosed in the present application, the reaction would result in the same 
compound as recited in claim 1 . Office Action at page 3. The Examiner appears to 
consider the claimed compound to be inherently disclosed by SU '262, because the 
compound inherently would result from performance of the same reaction. Applicant 
respectfully disagrees for at least the following reasons. 

To establish anticipation based on inherency, the extrinsic evidence "must make 
clear that the missing descriptive matter is necessarily present in the thing described in 
the reference, and that it would be so recognized by persons of ordinary skill." M.P.E.P. 
§ 2112 (citing In re Robertson, 169 F.3d 743, 745 (Fed. Cir. 1999)(citation omitted)). 

Although SU '262 discloses using polyisoprene as a starting material, SU '262 
does not specify whether the polyisoprene is a synthetic polyisoprene or a natural 
rubber. It is well-known that synthetic polyisoprene inevitably contains considerable 
amounts of the products of 1,2- and 3,4- additions of isoprene monomers as repeating 
units in addition to the products of c/'s- 1 ,4-additions of isoprene monomers. One of 
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ordinary skill in the art would know that it is impractical to synthesize polyisoprene 
containing 100 % of c/s-1,4-polyisoprene. In contrast, natural rubber, corresponding to 
a starting material in the claimed invention, consists of the product of c/s-1,4-additions, 
and does not contain products of 1,2- and 3,4-additions. In view of the above, the 
product produced by the method disclosed in Example 2 of SU '262, if a synthetic 
polyisoprene was used as a starting material, would inevitably have a different chemical 
structure from the structure represented by the above formula (I), as recited in claim 1 . 

Even if a natural rubber was used as a starting material in Example 2 of SU '262, 
the disclosed reaction would not produce the cyclic carbonated polymeric compound 
represented by the formula (I), as recited in claim 1, because, contrary to the 
Examiner's position, SU '262 does not perform the same reaction as disclosed in the 
present application, i.e., page 6, line 11- page 9, line 25, and as recited in the method 
claims. Specifically, SU '262 does not disclose that polyisoprene is deproteinized prior 
to an epoxidation step, as disclosed in the as-filed specification, e.g., page 8, lines 22- 
23, and as recited in amended claim 2. 

Further support for the Applicant's position that deproteinization of natural rubber 
prior to the epoxidation step is necessary to produce the claimed cyclic carbonated 
polymeric compound is provided as follows, as disclosed in the references attached to 
this Reply, i.e., Kihara et al., J. Org. Chem. Vol. 58, pp. 6198-6202 (1998) ("Kihara"); 
Klinklai etal., Solid State Ionics, Vol. 168, pp. 131-136 (2004) ("Klinklai"); and 
Kawahara et al., J. Polym. Sci. Part A: Polym. Chem., Vol. 44, pp. 1561-1567 (2005) 
("Kawahara"). 
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Kihara discloses that cyclic carbonate formation reaction from an alkyl oxirane 
having epoxy group can proceed only when the epoxy group and a catalyst (a Li salt ) 
forms an intermediate state (page 6201, Schemes lll-V). When water is present in the 
reaction, even in a small amount, the catalyst will interact with water and fail to interact 
with epoxy group, as a result of which the cyclic carbonate formation reaction cannot 
proceed. 

It is well known that natural rubber contains proteins and 0.5 to 3 % of water 
associated with the proteins. Klinklai discloses that it is impossible for epoxy groups 
contained in an epoxidized natural rubber to interact with a catalyst (a Li salt) unless the 
natural rubber has been deproteinized, since water associated with proteins interacts 
with the epoxy groups (page 132, col. 1 , lines 1-6). Klinklai further discloses that when 
a deproteinized epoxidized natural rubber is employed, signal in a high-resolution solid- 
state 13 C NMR spectrum assigned to epoxy group is shifted, and also a glass transition 
temperature (Tg) in a DSC thermogram varies depending on the concentration of a 
catalyst (a Li salt) (Fig. 3; page 134, col. 1, lines 3-14), both of which reflect that the 
deproteinized epoxidized natural rubber can interact with the catalyst. Furthermore, 
Kawahara discloses that the cyclic carbonated natural rubber would not be produced 
when a natural rubber containing proteins is used as a starting material without being 
deproteinized (page 1 561 , col. 1 , lines 20-26). One of ordinary skill in the art, with the 
above knowledge, therefore would conclude that a cyclic carbonated polymeric 
compound cannot be prepared unless natural rubber is deproteinized prior to an 
epoxidation step. 
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SU '262, in contrast, neither discloses nor suggests that natural rubber is 
deproteinized prior to an epoxidation step. In the Example 2 of SU '262, therefore, a 
halogenated tetra-alkylamine, a catalyst used in SU '262, would interact with water in 
proteins, preventing producing a cyclic carbonated polymeric compound as recited in 
claim 1 , which implies that the Examiner's position that the reaction disclosed in 
Example 2 of SU '262 would necessarily result in the claimed compound is not 
accurate. The Examiner therefore has not established anticipation of claim 1 , and its 
dependent claims, based on inherency. See M.P.E.P. § 21 1 2. 

Moreover, neither JP 573 nor Kawanami discloses, expressly or inherently, or 
suggests the claimed compound as recited in claim 1. Neither JP 573 nor Kawanami 
also discloses or suggests that natural rubber is deproteinized prior to an epoxidation 
step, missing from SU '262. 

For at least the above reason, claim 1 , and its dependent claims, are neither 
anticipated by, nor obvious over, SU '262, alone or in combination with JP '573 or 
Kawanami. 

In view of the foregoing amendments and remarks, Applicant respectfully 
requests reconsideration of this application, withdrawal of the rejections, and timely 
allowance of the pending claims. 
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Please grant any extensions of time required to enter this response and charge 
any additional required fees to our deposit account 06-0916. 



Attachments: 

(1) Certified English translation of JP 2004-056275 

(2) Kihara et al., J. Org. Chem. vol. 58, pp. 6198-6202 (1998); 

(3) Klinklai etal., Solid State Ionics, vol. 168, pp. 131-136 (2004); and 

(4) Kawahara et al., J. Polym. Sci. Part A: Polym. Chem., vol. 44, pp. 1561-1567 (2005); 



Respectfully submitted, 



FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, LLP. 



Dated: August 12, 2009 




James W. Edmondson 
Reg. No. 33,871 
(202) 408-4000 



9 



